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The discharges in the limnigraphic profile at the outlet of the Bily Potok profile of the Smeda catchment have been measured continuously since 1957. The physical and geometric characteristics of the catchment are provided in Table 1 . The catchment area is 26.13 km 2 .
MATERIAL AND METHODS
Smeda catchment. Table 2 presents the hydrological situation and the N-year discharges. Table 3 documents the calculation of the average value of the Curve Number CN II = 77.5. This value is relatively high, and indicates low infiltration capacity through the hydrologic soil group C (77%). The remainder of the soils belongs to the hydrologic group B, i.e. soils with low sorptivity (oligo-mesotrophic soils, podzolic peat-brown soils, and peaty-gley soils). The relative substitution of the first granulometric category is 20% to 25%, and the coefficient of saturated hydraulic conductivity K s < 10 mm/h. The surface of the forested part of the catchment (88%) can be classified under Forest Hydrological Conditions (FHC) = 2, on the basis of the compactness of "forest litter" when timber understorey (TU) = 1 (depth < 5 cm). Since 1957, three rainfall observatories have been installed: at Hejnice, at Nove Mesto and at Bily Potok. All weighted rainfall means have also been measured, together with their direct discharge flows to the Smeda River at the Bily Potok catchment outlet. The basic characteristics of the catchment were derived from geographical maps, and are presented in Figure 1. For modelling rainfall -runoff, it is important to obtain correct values of the curve numbers (CN) (NRCS 2004a, b) as the starting values for the parameters of the model: hydraulic conductivities K s , and the sorptivity values at the field capacities S f . The values of CN are influenced by land use. In the the Smeda catchment, the land is used mainly for forestry. In addition, we optimized the design of the terraces for the simplest one-route, or three-routes, or five-routes in parallel. For this task, just four sub-catchments were selected. Sub-catchments R5, R6, and L3, L4 were designed. Unfortunately, the water discharges of the four sub-catchments (R5, R6 and L3, L4) in urbanized areas of the village of Bily Potok reach high values, despite the five rows of terraces (Figure 2) . Table 4 provides the parameters of standard flood control terraces, when they are 10.0 m in width and the central part is 5.0 to 7.0 m in length, with a slight slope of 0.01 to 0.03. The total sum of the lengths of all the terraces is 6488 m. Figure 3 presents the transversal profile of the terraces. It shows the comparability between filling and excavated parts of the natural soil material.
Computations without the design of biotechnical measures were applied with short torrential rainfalls for a return period of N = 2, 10, and 100 years, and 40 min and 60 min in duration (Table 4) , i.e. the conditions for which the critical culmination of the discharges was computed (N = 2 years is not printed here). The time translation of the runoff is dependent on travelling time T L , which can be computed using the US SCS methodology (US SCS 1986 , 1992 , or according to Ferguson (1998) , as follows:
where: L -hydraulic length of the thalweg (m) J 0 -slope of the thalweg (%) For CN = 77.5 the potential retention of the catchment A is 74.0 mm.
Natural gravel-bed channels are composed of heterogeneous sized grains at different spatial scales. Mao and Surian (2010) investigated sediment mobility and demonstrated the relationships between shear stress and sediment transform (Laronne & Shlomi 2007; Chang & Chung 2012 ). An alternative method that has been recently developed in image processing techniques has shown promising as a viable method for measuring gravel and larger size fluvial sediment (Beggan & Hamilton 2010) . Hallema and Moussa (2014) used a distributed model for overland flow and channel flow based on a geomorphologic instantane- ous unit hydrograph (GIUH) method. Quantification of the size distribution of fluvial gravels is an important issue in the studies of river channel behaviour in hydraulics, hydrology and geomorphology. For all the computations, we used our own DES_RAIN software (Vaššová & Kovář 2012) , which is available on http://fzp.czu.cz/vyzkum/. Table 5 provides the design rainfall depths P t,N (mm) and the duration in minutes.
Combining the Curve Number method and the KINFIL model. A combination of the CN method and the KINFIL model (Kovar 1989 (Kovar , 2014 ) provides a schematic representation of the Smeda catchment data for the KINFIL model (Tables 6 and 7) .
The current version of the KINFIL model is based on the Green-Ampt infiltration theory, with ponding time according to Mein and Larson (1973) 
where:
The main task is to assess hydraulic conductivity K s , and the storage suction factor S f (at field capacity, FC). These two parameters can be measured directly on small experimental catchments. In larger catchments, the previously derived relationships of these parameters and the CN, which are widely used by Soil Conservation Service (SCS) (US SCS 1986), can also be applied. The CN correspond with the conceptual values of soil parameters K s and S f (FC):
The CN method, developed by the US Soil Conservation Service based on soil types (Brakensiek & Rawls 1981) , design rainfall depths and duration, vegetation cover, land use, and antecedent moisture conditions, is widely used due to its easy application. An evident shortcoming of this methodology is that it disregards both the intensity and the duration of the rainfall that causes flood runoff. This imperfection can be dealt with by using the physically-based infiltration approach of the KINFIL model (Kovář 1992) instead of the usual empirical CN approach. The relationships between the CN method and the soil type parameters have been used for the infiltration process. These relationships were derived by correlating the data from 62 gauges located in the Czech territory (Šamaj et al. 1983; Kovář 1992 ) and the parameters of the basic soil groups.
RESULTS AND DISCUSSION
The computed CN values for the Smeda catchment are shown in Table 8 . Table 9 shows the principles for computing the results from the correlation processes to change the hydraulic conductivity K s (mm/h) and the sorptivity S(θ FC ) (mm/h 0.5 at field capacity). When this sorptivity S(θ FC ) is amended to the storage suction factor, its form can be expressed as follows:
The second part of the KINFIL model simulates the propagation and the transformation of the direct runoff (Beven 2006) . The partial differential equation describes the unsteady flow approximated by a kinematic wave on a cascade of planes arranged according to the topography of the catchment: This equation is solved by the finite difference method, using an explicit numerical scheme. Numerical stability of the scheme is ensured if the time and space step is according to equation (7): (7) where: c -celerity c = m × y m-1 y -water depth Explicit schemes in the software where there is only one unknown on the left-hand side of the equation are quick, but they are sensitive to the stability of the computation, if there is a bigger difference in the time (Δt) and space step (Δx) (Eq. (7)).
To ensure safe biotechnical measures, it is necessary to construct multiple terraces in a contour line system. In the Smeda basin, one row 10 m in width has been built in four sub-catchments R5, R6, and L3, L4. For a greater level of safety, the Bily Potok municipality will need at least five rows of terraces to decrease the water discharges for N = 10-year flood from 67.0 m 3 /s (without terraces) to about 64.5 m 3 /s. The Tables 10−13 and Figures 4 and 5 provide results that reduce the cumulation of N =100-year discharges from 167.3 m 3 /s (without terraces) to about 162.0 m 3 /s. The most dangerous time situation is duration of 40 min. A similar computation was also performed for a torrential rain of 60 min in duration, but this is a less dangerous scenario. For a comparison with the N-year discharges on the Smeda catchment, we computed Tables and Fig- ures with geometric factors for sub-catchments and their land use. The same procedure was followed, in principle, for N = 2 years and 40 min duration. However, this computation is not presented here.
CONCLUSION
Slope terraces have hydro-physical characteristics that can be different and they require a lot of finances. Hydrological analyses indicate that the use of flood control terraces as biotechnical measures does not provide any effective barriers for the Bily Potok municipality. For a practical application, more than four sub-catchments are needed. In addition, more than five rows of terraces are needed, and also at least two polders. The provision of effective measures will require more investment than is currently envisaged. A comparison of the computational results (Table 10) shows that correct results are dependent on regular maintenance. 
